The kinetic studies on the removal of Acid Violet-17 (AV) by adsorption on various adsorbents such as fly ash (FA), iron chromium oxide (ICO), lignite coal (LC), kapok fruit shell carbon (KC) and cashew nut shell carbon (CC) have been made and the results have been compared with that of commercial activated carbon (CAC). Effect of various experimental parameters has been investigated using batch adsorption technique at room temperature (30±1ºC). The percentage removal of AV increases with decrease in the initial concentration of AV, initial pH and particle size of adsorbent and increases with increase in the contact time and dose of adsorbent. Adsorption data were modeled with the Freundlich and Langmuir adsorption isotherms and various first order kinetic equations at 30±1ºC. The kinetics of adsorption is found to be first order with intra particle diffusion as one of the rate determining steps. The adsorbent materials like iron-chromium oxide (ICO), kapok fruit shell carbon (KC) and cashew nut shell carbon (CC) could be employed as low cost adsorbents as alternative materials to CAC for the removal of AV.
INTRODUCTION
Industrial effluents largely affect the ground water and pollute the environment. Colour is the first contaminant to be recognized, since it is visible to human eye. So, effluent treatment for removal of colour is necessary to protect the environment and the aquatic life. Removal of dyes by conventional chemical and biological methods is not effective. Adsorption technique is followed for the removal of dyes. Activated carbon is widely used for the removal of dyes from effluent due to its effectiveness and versatility. Despite of its prolific use in water and wastewater industries commercial AC (CAC) remains an expensive material. This has led researchers to search for low cost materials as alternative adsorbent materials such as nut shell, fly ash, fruit stones and scrap tyres etc., as alternative to CAC (Pollard et al., 1992) .
Attempts have been made to prepare AC from agricultural and industrial wastes. Preparation of ACs from a wide range of agro wastes for water purification has recently been reported by Pollard et al. (1992) . ACs prepared from agricultural wastes have been used as adsorbents (Pollard et al., 1992 ; Deo and Ali, 1997; Kannan and Rajakumar, 2001; Kannan and Meenakshisundaram, 2001; .
The present paper aims at assessing the ability of fly ash (FA), iron-chromium oxide (ICO), kapok fruit shell carbon (KC), cashew nut shell carbon (CC), and lignite coal (LC), as economically attractive low cost adsorbents for the removal of acid violet-17 (AV) and to study the kinetics of removal of AV. The objectives of this paper is to study the effect of various process parameters on the extent of removal of AV, to optimise the process parameters and to apply various adsorption isotherms and first order kinetic equations to the adsorption data.
MATERIALS AND METHODS Materials
Commercial activated carbon (CAC) was procured from E Merck (India). Raw materials for the preparation of ACs such as kapok fruit shells and cashew nut shells were collected locally. They were washed, dried and cut into small pieces. The raw materials were carbonised (at 250ºC), thermally activated with NaHCO 3 (at 700ºC), acid digested with 2N HNO 3 solution (at 80ºC for 2 h), washed, dried and sieved into discrete particle size (Jayant sieve, India). FA and ICO were procured from Tuticorin Thermal power station and SPIC industry, Tuticorin, Tamil Nadu, respectively and lignite coal (LC) samples were collected from coal mines (Neyveli Lignite Corporation, Neyveli, Tamil Nadu). The materials were acid digested, washed, dried and sieved into discrete particle size (Jayant sieve, India) and stored. Adsorbent samples were thermally activated at 120ºC for 2h. The dye (AV), supplied by BDH (India) was used as an adsorbate. Double Distilled (DD) water was used for preparing all the solutions and reagents. Thermostatic incubator shaker (Neolab, India) was used to maintain the temperature (30±1ºC).
Adsorption studies
A stock solution of AV (500 mg l -1 ) was prepared and suitably diluted accordingly to the various required initial concentrations. Adsorption experiments were carried out at room temperature (30±1˚C) under batch mode (Kannan, 1991) . The concentrations of the AV solutions before and after adsorption were estimated by measuring O.D. at 545 nm (λ max ) with the help of UV-Visible spectrophotometer (ELICO, Model SL-159, India) and then interpolated into the standard curves. Exactly 50 ml of AV solution of known initial concentration (C i ) was shaken at constant agitation speed (200 rpm) with required dose of adsorbent of a fixed particle size (75 microns) for a specific period of contact time ( Table 1 ). The initial pH of the dye solution was adjusted to the required value by adding either 1M HCl or 1M NaOH solution. Initial pH values of dye solutions were noted with digital pen pH meter (Hanna instruments, Portugal). After equilibration, the final concentration (C f ) of AV was measured by using a UV-Visible spectrophotometer (ELICO, Model SL-159, India). The values of percentage removal and the amount of dye adsorbed were calculated using following relationships: 
RESULTS AND DISCUSSION
The adsorption experiments were carried out at different experimental conditions (Table 1) and the results obtained are discussed below:
Effect of initial concentration
The effect of initial concentration of Acid Violet-17 (AV) on the extent of removal of AV (in terms of percentage removal and amount adsorbed (q) on various adsorbents were studied. The relevant data are given in 
Adsorption isotherms
The adsorption data were analysed with the help of the following linearised forms of Freundlich and Langmuir isotherms (Adamson, 1960) : The values of Freundlich and Langmuir parameters have been obtained, respectively, from the linear correlation between the values of (i) log q e and log C e and (ii) (C e /q e ) and C e (Table 3) . In order to compare the validity of each model (isotherm) more efficiently a normalised standard deviation, ∆q(%) is calculated using the following equation:
where, the superscripts, exp. and cal. are the experimental and calculated values of q t viz., the amount adsorbed at different time t and n is the number of observations.
The ∆q(%) values are also given in Table 3 . Based on the low values of ∆q(%), it is concluded that the adsorption of AV can be best described by the Langmuir adsorption isotherm. Langmuir isotherm plots are shown in Figure 1 . The monolayer adsorption capacities (Q o ) of the adsorbents are found to be of the order given below: FA < LC < KC < CC < ICO << CAC Further, the essential characteristics of the Langmuir isotherm can be described by a Separation factor, R L, which is defined by the following equation (Hall, et al., 1966) : 
In the present study, the values of R L (Table 3 ) are observed to be fraction i.e., in the range of zero to one (0.0298-0.649), which indicate that the adsorption process is favourable for all these adsorbents.
Effect of contact time
The effect of contact time on the amount of dye adsorbed was observed at the optimum initial concentration of dye. The relevant data are also given in Table 2 . The extent of removal of AV by these adsorbents is found to increase and reach a maximum value with increase in contact time. The relative increase in the extent of removal of dye after 40min. of contact time is not significant and hence it is fixed as the optimum contact time. The values of (i) log(C i /C t ), (ii) log(q e-q t ) and (iii) log[1-U(T)] were linearly correlated with time (t). The values of first order rate constant, ∆q(%) and correlation coefficient (r-values) are given in Table 4 . All the linear correlations were found to be statistically significant, indicating the applicability of these kinetic equations and the first order nature of the adsorption process of AV on these low cost adsorbents. The rate of adsorption is found to be high in ICO (0.107 min -1 ) and low in LC (0.061 min ). . The k p values were calculated by using correlation analysis (Table 4 ). The r-values are found to be close to unity, indicating the application of this model. This reveals the presence of intra particle diffusion process (Weber and Morris, 1964; Deo and Ali, 1997). The calculated values of k p is maximum for CC (0.212) and minimum for ICO (0.008). This result indicates that the CC is more porous than the other low cost adsorbents. The intra particle diffusion plots are given in Figure 3 . The values of intercept (Table 4) give an idea about the boundary layer thickness i.e., the larger the intercept, the greater is the boundary layer effect (Deo and Ali, 1997; McKay, 1983) . The intercept (C) value is maximum in ICO (3.699) and minimum in CC (0.065) indicating that the boundary layer effect is maximum in ICO and minimum in CC, among the indigenously prepared carbons.
Kinetics of adsorption
The correlation of the values of log (% removal) and log (time) also resulting in linear relationship, which indicates that the process of intra particle diffusion is taking place in these adsorption system (Table 4 ). The divergence in the values of slope from 0.5 (min. -max. =0.049 -1.012) indicates the presence of intra particle diffusion process as one of the rate limiting steps, besides many other processes controlling the rate of adsorption, all of which may be operating simultaneously (Deo and Ali, 1997).
Effect of dose of adsorbent
The effect of dose of adsorbent on the amount of AV adsorbed was studied ( Table 2 ). The equilibrium value of amount adsorbed was observed to decrease with increase in dose of adsorbent. The percentage removal (Table 2 ) increases with increase in dose of adsorbent. This may be due to the increase in availability of surface active sites resulting from the increased dose and conglomeration of the adsorbent (Kannan and Karuppasamy, 1998) 
Effect of initial pH
The effect of initial pH of the dye solution on the amount of AV adsorbed was studied by varying the initial pH, under constant conditions of other process parameters ( Table 2 ). The pH value changes slightly after adsorption and a decrease in pH value is noted (∆pH=pH final -pH initial). The optimum pH value is fixed as 6.6. The results are shown in Figure 4 . The increase in initial pH, decrease the amount of AV adsorbed. The change in initial pH values of dye solution significantly affect the adsorption characteristics of acidic dye indicating that removal of AV (Acidic dye) is enhanced by acidic solution.
Effect of particle size of the adsorbent
The amount of AV adsorbed increases with the decrease in particle size of the adsorbent. This is due to the increase in available surface area with the decrease in particle size. There exists a linear relationship between the amount of dye adsorbed and particle size, as evidenced by the r-value close to unity ( 
Effect of ionic strength
The increase in the percentage of removal with increase in the ionic strength of electrolytes (NaCl, NaNO 3 and Na 2 SO 4 ) for the adsorbents (CAC, FA, ICO, KC, CC and LC) indicate that the adsorption is sensitive to the change in ionic strength, which indicate that electrostatic attraction is a significant mechanism for sorption process. The increase in adsorption with ionic strength may be due to the compression of the thickness of the diffused double layer (Vinod, 2004) . Such compression may help the sorbent particle and sorbate species to approach each other more closely, by then the attractive forces become significant, leading to increased adsorption. These results indicate that electrostatic attraction plays a significant role in the removal of AV (Vinod, 2004) .
CONCLUSIONS
Acid Violet-17 (AV) is found to adsorb strongly on the surface of carbons. The percentage removal of AV increases with decrease in the initial concentration of the dye (AV), initial pH and particle size of adsorbent, and increases with increase in the contact time and dose of adsorbent. Adsorption data were modeled with the Freundlich and Langmuir adsorption isotherms and various first order kinetic equations at 30±1ºC. The results suggest that pore diffusion i.e. intra particle diffusion is more important. Adsorption behaviour is described by a monolayer Langmuir type isotherm. The adsorption process is found to be first order with intra particle diffusion, as one of the rate determining steps. The present study concludes that ICO and CC could be employed as low cost adsorbents as alternative to CAC for the removal of AV.
